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片的 Raman 谱进行了比较，发现硅纳米线的 Raman 峰（286 cm-1、499 cm-1、
923 cm-1）比硅片的 Raman 峰明显地向低波数频移，且谱峰发生明显的宽化，
这种峰的红移和宽化应该归因于硅纳米线的晶态结构的变化。尝试共用催化
剂的方法制备 CNTs/Si 异质结。利用 AAO 模板，以金属 Fe 为催化剂，通过
乙炔的热分解生长 CNTs，然后利用 CNTs 头端已存在的 Fe 颗粒作为催化剂

















形成空心结构，该空心结构形状与 Au-Si 合金液滴类似。 















蒸发，在距离炉中央 35～40 cm 处（温度 450～350 0C）可以收集到大量的
厚约 20～30 nm，宽约 100～200 nm，长度可达几百个微米，长宽比为 5～10
的硫化镉纳米带。该生长过程遵循气－固反应过程。实验表明，在 6500C 下，




CdS 纳米带可能具有三种生长方向，分别是<2 11 0> (± [2 11 0], ± [ 1 2 1 0], 
± [ 1 1 20]), d=0.207nm; <01 1 0> (± [01 1 0],± [10 1 0],± [1 1 00]), d=0.358nm; 
± [0002]，d＝0.337nm。其中以± [0002]方向为最多，这是符合晶体生长的最
低表面能原理的。以 Au 颗粒为催化剂，通过 VLS 过程，以金颗粒作为催化
剂，可制备出来 CdS 纳米线，CdS 纳米线的生长温度比 CdS 纳米带的略高，
结构仍然为六方纤维锌矿结构，并且为单晶结构，不同的是 CdS 纳米线一致
地沿[0002]方向生长。最后，基于大量的电镜观察，我们以位错理论为基础，
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Abstract 
Synthesis and Characterization of One-dimensional 
Semiconductor Nanomaterials 
   
One-dimensional semiconductor nanomaterials (nanowires, nanobelts, 
nanotubes) is a new class of nanomaterials that have attracted a lot of interests in 
the last few years. These nanomaterials have been demonstrated to exhibit 
superior electrical, optical, mechanical and thermal properties, and can be used as 
fundamental building blocks in nanoscale science and technology, ranging from 
chemical and biological sensors, field effect transistors, to logic circuits. The 
research object in this thesis is to synthesize some novel one-dimensional 
nanomaterials. It is well known that silicon is one of the dominant material in 
semiconductor and microelectronics industries. In addition, CdS is one of the 
most important group II-VI semiconductor compounds. Silicon nanowires 
(SiNWs), CNTs-silicon heterojunctions, bamboo-like silicon nanotubes, CdS 
nanobelts and nanowires were fabricated successfully by using vapor deposition 
method. The morphologies, structures and composition of these nanomatericals 
synthesized were investigated in detail by using XRD, SEM, TEM, HRTEM, 
SAED and EDX techniques. In addition, Raman, FTIR and UV-Vis spectrum of 
these nanostructured materials were also carried out. 
SiNWs were synthesized by chemical vapor deposition of SiH4 at 470 0C. The 
results showed us that SiNWs have a diameter of about 70 nm and a length of 















Vapor-Liquid-Solid process. In this work, three different methods of fabricating 
gold nanoparticles were performed. It is found that the SiNWs formed by using 
gold catalyst which were fabricated by different methods have different 
morphology and structure. The SiNWs synthesized by methods I, II and III are 
multi-crystalline, single crystal which grow along <200> direction and single 
crystal which grow along <111> direction, respectively. Generally speaking, 
SiNWs can be synthesized with a higher yield and uniform sizes by method III 
(gold nanoparticles were prepared by gold gel). Comparing with that of silicon 
chip, the Raman-scattering spectra peaks(286 cm-1、499 cm-1、923 cm-1) of SiNWs 
were found to be red-shifted and broaden, which should be ascribed to crystal 
structural change of SiNWs. CNTs-Si heterojunctions were fabricated by a 
catalytic two-step growth method using the common catalyst of iron, which was 
electro-deposited into the bottom area of an anodic aluminum oxide (AAO) 
templates as a catalyst for growing CNTs. Then Fe is also the catalyst for growth 
of silicon nanostructures. It can be revealed from FTIR spectrum that CNTs and 
silicon have a connection by chemical bond. However, the morphology and size 
of silicon nanostructures have not yet been well controlled. 
Bamboo-like silicon nanotubes have been synthesized, for the first time, by 
simple pyrolysis of silane under gold catalysis at the temperature of 470 0C and 
the pressure of 1050 torr. It can be shown from electron microscopy that 
bamboo-like silicon nanotubes have the length of several tens of micrometers and 
the diameters of 80～120 nm. These materials have the hollow structures with 
dome-shaped (ellipse or triangle shaped) interiors alining along the axes 
periodically. It can be revealed for XRD and SAED pattern that bamboo-like 
silicon nanotubes is amorphous. After the analysis of a great deal of TEM and 
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determined by the diffusion of silicon along the surfaces of liquid alloy droplet. 
Thus the effects of silane flow rate on growth of silicon nanomaterials were 
carried on in the experiment. We found the gas flow rate have a great effect on 
the morphology of products: when gas flow rate is 10 sccm, the bamboo-like 
silicon nanotubes were obtained; when gas flow rate is 5 sccm, the silicon 
nanotubes with completely hollow interiors were obtained; when gas flow rate is 
30 sccm, a large scale of the solid SiNWs were obtained. Based on the theory of 
thermodynamics and surface tension, a growth model is proposed for growth of 
bamboo-like silicon nanotubes: when the Au-Si liquid droplet becomes 
supersaturated, silicon growth begins at some nucleation sites. At this time, the 
radius of curvature of one side on the droplet becomes smaller than another side, 
which leads to the formation of the additional pressure on the gold surfaces. Thus 
the liquid droplets are squeezed away by these anisotropic pressures, leaving a 
dome-shaped (similar to geometry of Au-Si alloy particles) void in the formed 
nanostructures. 
Large-scale CdS nanobelts were achieved by a simple vapor-solid process 
based on thermal evaporation of CdS powders at the lower temperature 650 0C, 
which employed pure H2 as a carrier gas. The synthesized CdS nanobelts which 
are about 100～200 nm wide, about 20～30 nm thick have the length up to 
several hundreds of micrometers and width-to-thickness ratio of about 5～10. 
Besides, we found that the deposition zone (growth temperature) of CdS 
nanobelts greatly influences the morphology and yield of CdS nanobelts. The 
zone which is 30～35 cm (450～350 0C) away from the center of furnace is the 
most suitable place to grow CdS nanobelts. CdS nanobelts exhibit the single 
crystal characteristic which belongs to hexagonal wurtzite structure. After the 















fast growth directions: <2 11 0> ( ± [2 11 0], ± [ 1 2 1 0], ± [ 1 1 20]), 
d=0.207nm; <01 1 0> (± [01 1 0],± [10 1 0],± [1 1 00]), d=0.358nm; ± [0002]，d
＝0.337nm。Among them, [0002] is main growth direction, which is consistent 
with the lowest surface energy theory. CdS nanowires were synthesized by VLS 
process under the given experimental conditions which is similar to that of 
nanobelts. Au nanoparticles can be found at the tip of CdS nanowires. All 
nanowires grow alone [0002] direction, which is different from nanobelts. These 
single crystal CdS tend to maximize the areas of the {2 11 0} and {01 1 0} facets 
because of the lower energy. Finally, a growth mechanism based on the 
dislocation theory for the growth of CdS nanobelts was proposed, which is partly 
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为当物质小到 1 至 100 纳米（10-9 米～10-7 米）时，由于量子效应、局限效
应以及巨大的表面效应，使物质世界的很多性质发生质变，呈现出许多既不
同于宏观物体，也不同于单个孤立原子的奇特现象。纳米科学技术
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